Objective: To examine the association between low to moderate alcohol consumption and the incidence of type 2 diabetes mellitus (DM) in men.
body mass index, the relative risk estimates and 95% confidence intervals for those reporting alcohol use of rarely/ never, 1 to 3 drinks per month, 1 drink per week, 2 to 4 drinks per week, 5 to 6 drinks per week, and 1 or more drinks per day were 1.00 (referent), 1.03 (0.80-1.33), 0.89 (0.70-1.14), 0.74 (0.59-0.93), 0.67 (0.51-0.89), and 0.57 (0.45-0.73), respectively (linear trend, PϽ.001). Additional adjustment for baseline history of hypertension, high cholesterol level, or parental history of myocardial infarction or family history of diabetes (data collected at 9 years) did not materially alter the results. These associations persisted in analyses stratified by age, smoking status, body mass index, physical activity, and family history of DM.
Conclusion:
These data indicate that apparently healthy men who self-select for light to moderate alcohol consumption have a decreased subsequent risk of type 2 DM. Med. 2000; 160:1025 -1030 T YPE 2 (non-insulin-dependent) diabetes mellitus (DM) is a relatively common condition affecting approximately 15 million individuals 1 and is the seventh leading cause of death in the United States among those older than 45 years. 2 The public health burden of this disease is further increased by higher rates of cardiovascular disease, renal failure, and blindness caused by retinopathy, resulting in economic costs of over $90 billion in direct medical and indirect expenditures. 1 Although a family history of diabetes and genetic predisposition are established risk factors, 3, 4 lifestyle factors also play an important role in the etiology of diabetes. Alcohol consumption is common in the United States and may be related to risk for type 2 DM through its effects on insulin secretion and sensitivity.
Arch Intern
Studies exploring the association between alcohol intake and the risk for type 2 DM have reported conflicting results. Several large-scale epidemiological studies have suggested an inverse association between moderate alcohol consumption and reduced risk for type 2 DM, [5] [6] [7] while others have reported null [8] [9] [10] or even positive 11, 12 associations. We assessed whether low to moderate alcohol consumption is associated with type 2 DM among participants in the Physicians' Health Study during an average period of 12.1 years. Table 1 shows the distribution of baseline characteristics and possible risk factors according to categories of alcohol intake. At study entry, approximately 25% of the study population reported alcohol consumption of less than 1 drink per week, almost 50% reported alcohol consumption of 1 to 6 drinks per week, and the remaining 25% reported alcohol consumption of 1 or more drinks per day. Overall,
RESULTS
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participants tended to be light to moderate drinkers, since only 3% of the study population reported alcohol consumption greater than 1 drink per day. Men who reported higher levels of alcohol intake tended to be older and, after adjustment for age, tended to report more smoking, physical activity, and hypertension, but less obesity. Other characteristics did not have a consistent relationship to the level of alcohol consumption.
During an average follow-up period of more than 12 person-years, the participating physicians reported a
SUBJECTS AND METHODS
STUDY POPULATION
The Physicians' Health Study was a randomized, doubleblind, placebo-controlled trial of low-dose aspirin and beta carotene for the primary prevention of cardiovascular disease and cancer. In 1981, all 261 248 US male physicians between ages 40 and 85 years were invited to participate in the trial. Approximately half responded, and of these, 59 285 were willing to participate. After exclusion of those with a history of myocardial infarction, stroke, transient ischemic attack, cancer (except nonmelanoma skin cancer), current liver or renal disease, peptic ulcer, gout, or contraindication to or current use of trial treatments, a total of 33 223 eligible participants were enrolled in an 18-week "run-in" phase. At the end of the run-in phase, using a 2 ϫ 2 factorial design, 22 071 physicians were randomly assigned to receive aspirin, beta carotene, both active agents, or both placebo. A detailed description of subjects and methods has been previously published. 13 For this report, we excluded participants with missing baseline data on alcohol consumption (n = 195) and those who reported a history of diabetes prior to randomization (n = 603). Furthermore, those with any history of cardiovascular disease (angina and/or coronary revascularization) or cancer prior to randomization (n = 376) were also excluded, since these diagnoses could have altered their alcohol intake. These criteria were not mutually exclusive; therefore, this report includes 20 951 participants who provided complete information on alcohol consumption at baseline; had no diabetes, cardiovascular disease, or cancer at study entry; and were followed up through October 1995.
BASELINE DATA
Information about usual alcohol consumption and several other risk factors was collected at baseline. Participants were asked "How often do you usually consume alcoholic beverages?" The response categories listed were as follows: "rarely/ never," "1-3/month," "1/week," "2-4/week," "5-6/week," "daily," and "2+/day." The responses were interpreted as the number of drinks consumed in the specified period. Information was also collected about age, cigarette smoking, parental history of myocardial infarction, physical activity, height, weight, history of diabetes, angina, history of hypertension or treatment of hypertension, and history of high cholesterol level or treatment for a high cholesterol level.
FOLLOW-UP DATA
Every 6 months for the first year and annually thereafter, the participants were mailed brief questionnaires asking about their compliance with the randomized treatment and the occurrence of new medical diagnoses, including diabetes. Participants were asked about their family history of diabetes (including parents and siblings) at 9 years. Because the participants were physicians, medical records were not requested to confirm the self-reports of diagnosed diabetes. Although type 1 diabetes can occur at any age, it is rare above age 40 years. All participants were 40 years or older at study entry; therefore, all incident cases of diabetes during the study period were classified as type 2 DM.
DATA ANALYSIS
The study population was primarily low to moderate consumers of alcohol. Since only 3% of participants (n = 674) reported alcohol use of 2 or more drinks per day, these men were combined with those reporting 1 drink per day. Incident cases of type 2 DM were allocated to the alcohol consumption categories with the follow-up period from study entry to the date of diagnosis of diabetes, date of death, or October 1995, whichever came first. Incidence rates of diabetes were calculated by dividing the number of incident cases by person-years in each category of alcohol consumption. Cox proportional hazards models 14 using the SAS PHREG procedure 15 were used to assess the independent contribution of alcohol consumption to the risk of diabetes. The lowest category of alcohol consumption (rarely/ never) was used as the reference category for relative risk (RR) computation. Crude estimates of association were derived by adjusting for effects of age and randomized treatments (aspirin and beta carotene). To adjust for other potential confounders in the multivariate models, indicator terms were added for smoking status at baseline (never, former, light current [smoking Ͻ20 cigarettes per day], heavy current [smoking Ն20 cigarettes per day]), body mass index (BMI) (calculated as the weight in kilograms divided by the square of the height in meters: , and parental history of myocardial infarction before age 60 years (yes/no). The proportionality assumption for the Cox regression model was tested by including an interaction term for alcohol and follow-up time in a timevarying analysis. No violation of the proportionality assumption was observed. Secondary analyses were performed excluding any diagnosis of diabetes in the first 2 years of follow-up to address the possibility of any undiagnosed preexisting diabetes or glucose intolerance present at baseline. Data were also analyzed controlling for family history of diabetes reported at the 9-year follow-up (yes/no). To evaluate if the association differs by smoking status (possible effect modification), analyses were performed separately for those who were never smokers and those who were either former or current smokers at baseline. Similarly, analyses stratified by age, BMI, level of physical activity, and family history of DM were also performed. For each RR, a 2-tailed P value and 95% confidence interval (CI) were computed. total of 766 newly diagnosed cases of type 2 DM. The incidence rate of type 2 DM among those reporting an alcohol consumption level of rarely/never was 3.97 per 1000 person-years, whereas for others (reporting alcohol consumption levels of 1 drink per month or more), it was 2.85 per 1000 person-years. The overall RR for type 2 DM among men reporting any alcohol consumption compared with those reporting that they rarely or never consumed alcohol was 0.74 (95% CI, 0.62-0.89) after adjustment for age and randomized treatment. Additional adjustment for smoking, BMI, and physical activity did not materially change the RR estimate. When categories of alcohol consumption were considered, the RRs for increasing levels of alcohol consumption adjusted for age and randomized treatment assignments were 1.00 (rarely/ never), 1.10 (1-3 drinks per month), 0.95 (1 drink per week), 0.73 (2-4 drinks per week), 0.64 (5-6 drinks per week), and 0.58 (1 or more drink per day) (linear trend, PϽ.001). As shown in Table 2 , adjustment for smoking, BMI, and physical activity only slightly attenuated these RRs. Information about family history of diabetes, defined as history of diabetes among parents and/or siblings, was collected at 9 years and therefore was not available for all participants. However, additional adjustment for family history of diabetes did not appreciably change the results. Relative risks were also calculated adjusting for history of hypertension, history of high cholesterol level, and parental history of myocardial infarction before age 60 years, but no material changes in estimates were observed. Similarly, exclusion of the first 2 years of follow-up to address undiagnosed, preexisting diabetes or glucose intolerance at baseline ( Table 3) or inclusion of participants with a history of cardiovascular disease did not change the results.
Results of stratified analyses by presence or absence of a risk factor are shown in Table 4 . Effect modification was tested by including an interaction term for alcohol consumption and effect modifier (age, BMI, smoking, physical activity, and family history of DM) in the model. No significant effect modification was observed by BMI, smoking, physical activity, or family history of DM. In analysis stratified by age at baseline, those 60 years or older had a significantly lower RR than those younger than 60 years. However, a significant inverse trend was present for both age groups.
COMMENT
These prospective data from the Physicians' Health Study indicate an inverse association between light to moder- ate alcohol consumption and subsequent risk of type 2 DM. We did not have enough heavy drinkers in this population to assess this group separately. The association persisted after adjustment for possible risk factors for diabetes, as well as after control for all available coronary risk factors and health habits. Our findings of an inverse association between regular low to moderate consumption of alcohol and the risk of developing type 2 DM are consistent with reports from several other large prospective cohort studies. The Nurses' Health Study, evaluating 85 000 women aged 34 to 59 years for 4 years with 526 incident cases of type 2 DM, suggested that there was a reduced risk of diabetes among women who consumed moderate amounts of alcohol compared with nondrinkers. 5 Although an inverse association between BMI and alcohol consumption has been reported among nurses and in other studies, 16 BMI was only marginally related to drinking habits in our study and was not a strong confounder. In the large-scale Health Professionals' Follow-up Study of over 41 000 men between age 40 and 75 years, a similar inverse association between alcohol consumption and diabetes was reported during 6 years of follow-up. 6 This study reported an RR of 0.61 (95% CI, 0.44-0.91) for moderate amounts of alcohol consumption, which is similar to our findings. A report from the British Regional Heart Study observing 7577 men aged 40 to 59 years for an average duration of 12.8 years revealed a shallow U-shaped relationship between alcohol intake and risk of type 2 DM. In this study, moderate drinkers had an age-and BMI-adjusted RR of 0.64 (95% CI, 0.43-0.96) compared with occasional drinkers. 7 Although, the risk estimates in our study were similar, the absence of an indication of a nonlinear relationship between alcohol consumption and type 2 DM in our data can be explained by a comparatively low range of alcohol intake reported in our cohort. As mentioned above, only 3% of this cohort reported consumption of more than 1 drink per day compared with 12% of men participating in the Health Professionals' Follow-up Study who consumed at least 2 to 4 drinks per day and 37% of participants in the British Regional Heart Study who consumed at least 2.3 to 6 U of alcohol per day.
S OME STUDIES have not found a statistically significant association between alcohol consumption and the risk of type 2 DM, while others have reported a positive association. A prospective study evaluating 766 men for over 13 years reported a possible nonsignificant trend toward greater alcohol consumption among those who subsequently developed diabetes. However, no clear association between alcohol consumption and the risk of diabetes was observed. 8 Equivocal findings were reported from a cross-sectional study of 3 populations at high risk. 9 In over 8700 subjects from Micronesian and Mauritian populations, alcohol intake had no association with prevalence of impaired glucose tolerance or type 2 DM. In a small prospective substudy conducted in 1982 among 287 Nauruans with normal glucose tolerance, the odds ratio for developing type 2 DM was 0.65 (95% CI, 0.33-1.31) among alcohol users. In a small survey among male self-defense officials in Japan, no statistically significant association was observed between alcohol consumption and type 2 DM. 10 However, the data were compatible with a possible inverse association between moderate alcohol consumption and diabetes, with the odds ratio below unity. The statistical power of the study was limited. On the other hand, among 221 men and 303 women observed for 14 years in a Rancho Bernardo, Calif, cohort, high levels of alcohol consumption in the past 24 hours and high intake in the past week were associated with a 50% increased risk of non-insulin-dependent DM among men only. No association was observed among women in this cohort. 11 Finally, the Paris Prospective Study found a 2.5-fold increased risk of diabetes among subjects with "very abnormal livers" during clinical examination, 17 and an increased risk of diabetes among men with an alcohol consumption level of more than 20 g/d compared with abstainers. 12 In these studies, relatively small sample sizes, as well as the small number of cases and the differences in the measurement of alcohol consumption levels (eg, usual alcohol consumption vs recent alcohol consumption or average alcohol consumption over the past year vs alcohol consumption within the past 24 hours or past week), may explain some of the results. Also, larger amounts of alcohol and alcoholism have been shown to aggravate insulin resistance and cause liver disease, resulting in type 2 DM and even death. [18] [19] [20] Our study population primarily consisted of low to moderate drinkers; therefore, we could not study the effects of larger amounts of alcohol consumption.
Plausible mechanisms mediating the association between alcohol intake and glucose tolerance have been hypothesized. Studies have suggested that moderate consumption of alcohol may increase insulin sensitivity 21, 22 and lower fasting insulin resistance. 23 Increased insulin secretory responses and enhanced glucose disposal rates have been observed after moderate alcohol ingestion in subjects without diabetes as well as in subjects with type 2 diabetes. 24, 25 This increased secretory response could be a result of the alcohol-induced stimulation of insulin secretion by gastrointestinal secretogogues 26 or an insulinogenic effect of corticotropin peptides present in cells of the gastroentero-pancreatic systems. [27] [28] [29] Our study had several important strengths and limitations. The possibility of differential reporting of alcohol consumption according to disease status was minimized by the prospective design of this study. Alcohol consumption data were collected prior to diagnosis of diabetes; therefore, drinking habits and the recall of alcohol intake could not have been influenced by disease status. It is possible, however, that physicians at high risk for diabetes because of family history may have altered their alcohol consumption. Data about family history of diabetes among parents and siblings were collected at 9-year follow-up; therefore, data were available for only a subset of the study population. Adjustment for family history of diabetes did not change our results, and similar findings were reported from other studies. 5, 6 Moreover, we relied on self-reported alcohol consumption data in our study, as did most other alcohol-related epidemiological studies, since it has been reported that other approaches are not practical in large cohort studies. 30 Furthermore, the usefulness of simple self-administered questionnaires to reliably estimate alcohol consumption, especially among health professionals, has been demonstrated. 31 However, random misclassification of alcohol intake is possible if physicians generally underreported or underestimated their alcohol intake. If present, this type of misclassification could have led to underestimation of the true effect. Although our measurement of alcohol consumption lacks sufficient precision to evaluate dose response, other investigations in this population have demonstrated a protective effect for cardiovascular disease end points among those with low to moderate alcohol consumption levels, providing reassurance for our quantification methods and support for the construct validity of our alcohol categorization. 32, 33 The follow-up rate of our study was extremely high (Ͼ99%) and comparable across categories of alcohol intake; thus, these results cannot be biased by losses to follow-up. The study population was not screened for glucose tolerance; therefore, underascertainment of diabetes is possible. Although we do not have data regarding medical contact for the study population, all participants were physicians and were expected to have a high level of overall medical care. If present, the ascertainment bias is unlikely to be different by alcohol consumption level. Finally, the socioeconomic homogeneity of the study population offers advantages for the study of alcohol-disease association, since potential biases from confounding variables correlated with alcohol consumption, as described by Shaper et al, 34 are minimized. In conclusion, these prospective data from the Physicians' Health Study support the hypothesis that there is an inverse association between light to moderate alcohol consumption and the subsequent risk for type 2 DM. The biological mechanisms behind this apparent ef-fect, in particular the long-term effects of low to moderate alcohol consumption on insulin and glucose metabolism, remain to be elucidated. These results are limited to apparently healthy individuals consuming light to moderate amounts of alcohol. Caution should be exercised in assessing the individual health risks and benefits of any changes in drinking behavior in light of major clinical and public health problems associated with heavy drinking.
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